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jCationization of Liposomal Surface Charge Enhances Adjuvant 
Effect of Liposomes for Tumor Vaccine 



/ / / 
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(Received October 20, 1997) 

| In order to design an optimum liposome immunoadjuvant for tumor vaccines, we inves- 
J tigated the relationship between liposomal surface charge and adjuvant action. Positively 
y charged multilamellar vesicles (MLVs) were taken up efficiently by macrophages, while 
negatively charged and neutral MLVs were hardly picked up. Consistent with this, 
positively charged MLVs containing soluble ovalbumin (OVA) functioned as a more 
potent inducer of antigen-specific cytotoxic T lymphocyte (CTL) responses and antibody 
production than negatively charged and neutral MLVs containing the same concentrations 
of antigens. Furthermore, the in vivo anti-tumor effects of variously charged liposomal 
antigens were examined using a Meth A tumor model and a crude butanol extract derived 
from Meth A (Meth A-CBE) as the tumor-associated antigen. Mice vaccinated with 
positively charged MLVs containing Meth A-CBE showed significant inhibition of Meth A 
tumor growth compared to mice vaccinated with Meth A-CBE alone or mice vaccinated 
with neutral or negatively charged liposomal Meth A-CBE. The injection of carrageenan 
into mice led to a significant loss of anti -tumor vaccinal effect of positively charged 
liposomal Meth A-CBE, which may be due to the inhibition of uptake and antigen presenta- 
tion of liposomal antigens by macrophages as a result of a lack of macrophages in the 
immune site. Our results indicate that the positive charge on the surface of liposomes 
represents an important factor for enhancing their immunoadjuvancy in the induction of 



* To whom correspondence should be addressed. 

Abbreviations used in this paper: OVA, ovalbumin; CTL, cytotoxic T lymphocyte; Th, helper T 
lymphocyte; APC, antigen-presenting cell; PC, egg phosphatidylcholine; PA, L-a-dimyristoyl phos- 
phatide acid; Choi, cholesterol ; SA, stearylamine ; MLV, multilamellar vesicle ; TAA, tumor- 
associated antigen ; Meth A-CBE, crude butanol extract derived from Meth A. 
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antigen-specific immune responses and vaccinal effects against tumors. 

Keywords positively charged liposome ; macrophage ; cytotoxic T lymphocyte ; 

tumor vaccine 



(TAA) *^3e^ixS l - 7 > fc t 4>M, ^:*^jg*Jnrtgh^^^^, TAAKJ:*B*7^v*ffi©-^JB 

ia»**f?Fa$*itvv$. l*pu *K:TAA©*ts4•urfcst^fc•^^H*»«*^^nTfe61*, a« 

— S»*ftJS:II*ftjffi©R*Ctt, B*«Bja£S««*'r§* MHC class I ftlStt© CD 8 + cytotoxic 
T lymphocyte (CTL) Qfrteh-f, MHC class II J^Ste© CD 4 + helper T lymphocyte (Th) ©R**s 
£*B^^T*SC 4:^936*^4 9 Hamaoka ^O^;u-7° 8 -" 10> ^ Kern £> n) fi MHC class 

II ^BMaijiliBKi^H- & Th H^fflia±cD TAA OKSBMK: J: £ fe©"Cttftv^ i 

LT^5. *fc£ft&©W38BS*>e>, ThK:«t-5TAA©B»tt*0<t5K#i6iiT^5. iT&b*>, 
fif 6 ^©WJEfC J: t> Tfttti 3 TAA (shedding *##Jltt4ftae¥fi?r#*4 if K J: &H#IBU3ttS£ 
oTig^SSffi&tf) £pick up isfziiiWMTFMM (APC) *V StK* processing U APC ±© MHC 
class II L tf^^ ftfc £ TAA ^ ^ K * Th **K»t* S^tlciD ffittffc 3ft£i:#£6*i," 

T^3. ttB*ftffi©Ra.K45ViTttTh(DR»©*fte»-f, CTL ©B3|K APC AJfSt 

**£fc*^R£3*Lfc. Huang kit, mWm*ffi&Z MHC class I iHHSte©* 7 / -^*fflJ§S£-7 ? 
X^MU ^7y»vjfflBK»-r5CTL©BS|KO^T«ififbfci:i^, MHC class I #?Htt©^ 7 

W4CTL®R#fctt, B#fflB®i£&BB£ 9 fe, ifL*>APC©MHC classIiH^^LTSSStifc 
TAA^^KOBB©***, <t D^cS <*#UTv»5i:fc*^ittLrvi5. £t±©»^tt, B*Affi*S» 
* WCB»1" S B©B Srg -5 ftffifiMSffllfi** APC n^:i:^ltfc!3, WfeV 9 l-XDtzVXDTV 
^^MlflcttTAA* APCfcSSji1-*fcv>5, V>;b»3>3 "Drug Delivery System" <D&$*J&mirZ> Z 

ft i£ © 35 

1. K » ■ 

$m\/i/J-> (PC), 7^X77f^Vi (PA) ttS^ffiBOfcCD*, nVxfo^ (Choi), Xr7 
y/U7 $v (SA) »fD36jffigS©fc0*ffl^ft. Ovalbumin (OVA) Sigma <D Grade V * , Alum \t 
Pierce © Imject Alum fcflj^fc. 

2. Mfe*BB 

C57BL/6g£1£v?x (6-8iMB l*H*SLC^6BAtfc. EL 4 (JMt^JnBE^WStm • *«ffi 
J: 9 , Meth A, Colon 26 tt RP 1640 (10%«JSifil?*^W RPMM640) T\ SJftig* v * x 
B¥fflSa«50^M 2-mercaptoethanol^^W-r^RP1640 TiSftL^. * fc OVA £^ A Ltz 
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EL4 ?n-yT£>£ EG7 (ATCC<fct)«A) 400 ug/m\ G 418 ^^W^^ RP 1640 T^Slf; 17 '. 

ytfy-Ate, Banghamft©*»K:lpi;Tff8bfc. (7.5 mg) (Stfb-** 

uv: s;x^^x-r^=56:44) cfl&SPU n-^y-x/^i/-;-j;tS^^m OVAS& (4 
mg/ml), *fcttMeth A ft*©M*!fi;JS*JK (2mg/ml) £ 200 u\ ftlx, rfOur y ^ X a D £ 

MRytfy-A (MLV) SrfEBLfc. 'J #y-A©ffiRaj«K:oi>Ttt*^Jt, SA:PC:Chol=i:4: 
5 (BW^fytfy-A), PA:PC:Chol=2:3:5 (»«§f y # y-A), PC:Chol = i:i (+tt«Sfy *y- 
A) ©fcOfcffifllLifc. *ffiTff«$ixtey!Ky-A©¥iStt : Fgtt, §«y-At^lM.5//m-C 
*>0, «-y!Ky-AH"C*:S«:gttB*6»il*^r?fc (data not shown). *fc*ffl§ffiK:*5^T, tSIRigJK 

sjH^rffUL*: y^y-Aic^Ttt, y ^y-A^^^A^n^^o^!Sis^^^-r^iijgi^#fcL^^ 

4. 7^P77-^U*V-AO)BlUa* 

^D7r-»; (M0 tt, C57BL/6^*X©*-*^y n i^- hB3Btttt«tllfflfi+©«*fflia»B 
(90%<Mac-l + ) tffl^fc. 3 H-cholesteryl hexadecyl ether tfflv>T7^;Hfe y tfV -A* t 
C 37'C * fc 12 4*C -C 2 RM«* U C *tt * 9 £&ltfStt * £8 fcffMB L fc . 

5 . /re two IC fc ( t * CTL ^»S6<OfFfffi 

CTL©BaMgtt, OVA i^r^tHmt U TargetfflSKteEG7 t EL4 £fflv>TW(IU*: 17) . — «fc 
*>T>ux|ri^*&«£JiC*^ (fiSttfitliC) ttJfflSa 

W*T*3E.#ftUfc»£, MHC classICJ:oTtn;lgSI^*nSifc**fll6nTti5. CTL tt, MHC 
class^CS^^tit^Stfi-JISrBaU HfflBHSett*^ r t ^6, EL4 t EG7 frc^-T 

&CTL©«Stt*Jfc««tW'r*i kCioT, OVA»ftW*CTLStt*ttffl1-* ^ fc*3tRflll"C*6 
(Fig.l). C57BL/6^*X©WSftTlcOVAi|ia, $ fc tt OVA if A y # y - A (100/zgOVA/ 
mouse) *#lnI&ffiU 10 B » K WffllS * El JR L fc mitomycin C fit 31 * L fc EG 7 fc mixed 
lymphocyte tumor cell culture (MLTC) fcfrS £ tTCTL * 2 &tyS*J»Lfc., 5 S^CTL £teHKU 
Na 2 51 Cr0 4 Ty^^LtzELA, EG 7 CfcfLT 4 «pH© 5l Cr-release assay Srfrofc (Fig.l). 




Fig. 1. Schematic Protocol of OVA-Specific CTL Assay 
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6. OVA«WWt#*4«)mB 

■C57BL/6 v^x©Wffl&TK:OVA#a, OVA »J jKV-A df^f ^ /ny h d-;^ L 

rS4tt**Effl*ilT^Snt— ©7^a/*y Alum *«# 3 -Sit OVA (100 pg OVA/mouse) * 

#@ftffiU eHWK:«lfil*Lfc. ^^^X(D^*OVA^S^ta»fffi^ELISAffi^^^TW<ffiLA:. 

7. Tumor rejection assay 

Meth A ^ffl^/cH^^r/u^iJ^rti, SiEC L T Meth A * 2.5%7^ J v»««}ft"CttttS 
LfcffllSRIftlg (Meth A crude butanol extract, Meth A-CBE) fc^RKtt Life. BALB/c v X CO 
WaSftTKiMeth A-CBE *fcttMeth A-CBE »A V jKV-A (10 £ 50 /*g Meth A-CBE/ 

mouse/time) £ day— 21 t day-7 <D 2 [hI&JS L, «»fcffi*> 6 1 «B&0 day 0 Meth A, fc fct 
Colon 26 £5X10 S cells Kffi&rtKgMiLfc. 7^- ViflStt, day-21, day-14, day-7 7 

^^vSSO^g/mouse/tirneJfflBWKia-^-rSifcKJ: Ofrofc. H*^^^ Vj»ftttgB»K:lttBgtjH 

m*®* § s ) = ( (sg) x mm 2 ) 1/3 



Ife m *> <fc If * ft 
.1. 7^D77-? (m#) cjsifcy&fricaiFru^ 



Table I. Lipid Composition and Potential of Surface Charge of Liposomes 



Surface charge of 
liposome 


Lipid component 
(molar ratio) 


f -Potential (mV) 


Positively charged 


SA:PC:Chol (1:4:5) 


8.85 


Negatively charged 


PA:PC:Chol(l:4:5) 


-18.6 


Neutrally charged 


PC:Chol(l: 1) 


-5.04 




Positive Neutral Negative 
Liposomal surface charge 



Fig. 2. Effects of Surface Charge on the Uptake of 3 H-Labeled MLVs by Murine Peritoneal 
Macrophages 

Macrophages were incubated with variously charged MLVs containing 3 H-cholesteryl 
hexadecyl ether for 2 h at 37*C (■) and 4"C (□) . Results are expressed as mean ±S. E. for 
3 experiments/group. 
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gcLT, B«Sy*V--AK:fcHsTSa:&ttOa*±#**B«>feiifc (Fig. 2). »;^v-a^ 

ftfcMflc^J: 9j^««C££ftK, 3)SMfr&*M0 ^natural killer cell (DXd^Fc ^/^-HtS 

CTL g§Wt£ t ftft&£f&K o v^r *B Lfc. 

OVAijiffi, *fctt#yiJfy-A*ffl^"rOVA (100 ^g OV A/mouse) fcftffiLfc C57 BL/6 ©W«MS 
SEUKU EG 7 Sfli^T m vitro ~C 2 ^tSSSfflft* Lfc U EL 4, EG 7 * target cell t 

Ltz 5l Cr-release assay fcffofc (Fig.l). *0JBSFig.3 K^rf J: 5 fc, OVA #«S^P^^*^f sK 



Exp. 1 



10 




>, w 0 50 100 0 50 100 0 50 100 0 50 100 

■g Exp. 2 



50 
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B 
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40 










30 










20 










10 




.i.i... 


Jff^&- o 





0| 

o. 



50 100 0 50 100 0 50 100 0 50 100 



Effector/Target ratio 



Fig. 3. OVA- Specific CTL Response after in vivo Priming with OVA-Containing MLVs of 
Various Surface Charges or OVA Alone 

Spleen cells from C57BL/6 mice that had been immunized with OVA alone (A), 
. OVA in positively charged (B), negatively charged (C) and neutral (D) MLVs 
were assayed for cytotoxic activity after in vitro stimulation with EG7 for 5 days. 
The figures represent the amount of lysis obtained from two independent experi- 
ments with 5l Cr-labeled targets : ( ) EG7 and (O) EL4. 
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£ It BALB/c^?*, tf^Stlfc L-T 0-galactosidase fcfl§nfc«£-K:*5l>T t>l«lfll©lBft**f§e>il 
rt: (data not shown). 

*CC57BL/6K:OVA*100Aigi9:^Lfc|gO f OVA #»WJft*tfcttflliK: o fc«Bt*jbD*.fc * 

positive control T£>& Alum ^^^^tz^t^^OtrLt^^^M^t^M^titz (Fig. 4). ffioT, UsKV- 
A**^vfttSifcK:j:D, m C*5V>T feSiES: M.# C<fD3&*«fc <2Ja"C§fcJBft f #jlH#j& 

*<Disimm* <&v&ztizt\,>o ztzm%Lx^z>"\ fttS5*.y^ti, nw©**^^*^ 

-A J: D 6»*Sy#y-A®2f3&*, J:0«fiifi5K:^0ii*n5t^5e**Sfc. '*fc*ft*ERLT, 
in vivo C^lt57Va^> h«6ftK*5^T fe»«?§f »J xlfy-A fcJtRUT, y XV-AtDjjtfjL 0 

®m~chvtz. $6Ka«tt f »«sy#y"Ao»«sfafa*±#$*4itK:j;5 > ctlrwie* 

fca«fcfcft4v>£fc*ffiRLTv>£ (data not shown). *» w'w tc^^T fc»«?Sfffig*J: 

^t^atat), y*v-AfcV^D7r-^fc©a^*gtsaaiig*«ifii±u »*«47s;a/<> 
«?y*y«A*s&*j:<jRDa^fcurt), mmmmon^^coxo^mm^ 




MLV 
IMLV 



Day after Immunization 



Fig. 4. Priming of OVA-Specific Serum IgG 1 Responses by Immunizing with Variously 
Formulated OVA 

C57BL/6 mice were immunized with positively charged (■), negatively charged 
(•) and neutral (A) liposomal OVA, OVA in alum (O) or OVA alone (A) and 
serum samples were collected from the tail vein at different time intervals after the 
primary immunization. Anti-OVA IgG 1 in sera, diluted 1 : 200, was determined by 
ELISA. Results are expressed as mean ±S. E. for 4 mice/group. 
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/<vh»Sicoir>T*W*to*.fc. BSMSi/tH (taa) kirii, Meth a * 2.5%^/-a7'; 

B««?tttfiLfclffllISK#B (Meth A crude butanol extract, Meth A-CBE) *2SKC«L;fc. BALB/c 

X OWSSSTt- Meth A-CBE 4 fc li Meth A-CBE -i* A U y - A * 2 aWMH-C 2 H^ffiS, 

laiWftKiMeth AtWBU gBWK:B^taffit*^kr«*7^f-vJ»*tlMBUfc. 

rttlB'&^*B*7^f-vS»**«B4«)?>ixfc. Meth A 8MB 30 B»®B*JEI6*fco^T fettftf* 

*5HT 12.5— 16.7%©B*fi»0yt^B«>6iX&^ofcfe©©, »«?5y #y-A*fflt>£i¥fc 

*5l>T*i 66.7% fciB^}&S¥*3SL;fc (Table II). $ £ C Meth A <Dftt> 0 Colon 26 fc!£16bfc*§£fc 
tt, 4<M^lfe^>titoo/^i:*^, Meth A ht^B^MimWM^^^Th^ ^ ti)^ 

mUZtitz (Fig. 6). OVA Hf^ TAA h L, EG7SrB**r^i: Lfc^KKiiJ^Tt) 




Days after tumor inoculation 

Fig. 5. in vivo Vaccinal Effects of Variously Charged MLVs Containing Meth A-CBE 
against Meth A Tumor Growth 

BALB/c mice were not immunized (O) or immunized subcutaneously twice with 10 
tig of Meth A-CBE alone (A), positively charged (■), negatively charged (•) 
neutral (▲) liposomal Meth A-CBE or 50 fig of Meth A-CBE alone (□) with an 
interval of 2 weeks between treatments. Seven days after the last immunization, 
they were challenged intradermal^ in the abdomen with 5 x 10 5 Meth A cells. Tumor 
growth was monitored at the indicated time points after tumor inoculation. Results 
are expressed as mean ±S. E. for 5-8 mice/group. 

Table II. Anti-Tumor Vaccinal Effect of Liposomal Meth A-CBE 



Dose Tumor regression a) 

(//g/mouse/time) (% total) 



Non-treatment 




0 


Free 


10 


16.7 




50 


14.3 


Negatively charged MLV 


10 


12.5 


Neutral MLV 


10 


16.7 


Positively charged MLV 


10 


66.7 


Positively charged MLV+carrageenan 


10 


25.0 



a) Tumor regression was defined as no tumor formation at day 30. 
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0 5 10 15 20 

Days after tumor inoculation 



Fig. 6. in vivo Vaccina! Effect of Positively Charged MLV Containing Meth A-CBE against Colon 
26 Tumor Growth 

BALB/c mice were not immunized (O) or immunized with positively charged liposomal 
Meth A-CBE (■) described in Fig. 5. Seven days after the last immunization, they were 
.challenged intradermal^ in the abdomen with 5 x10 s Colon 26 cells. Tumor growth was 
monitored at the indicated time points after tumor inoculation. Results are expressed as 
mean ±S. E. for 6 mice/group. . 




NorMmm unlzatlon 
Free formula (lOpg/rnouse) 
Positively charged MLV 
Positively charged MLV 
+ carrageenan 



0 5 10 15 20 25 
Days after tumor inoculation 



Fig. 7. Effect of Carrajgeenan on in vivo Meth A Tumor Protection with Positively Charged 
MLV Containing Meth A-CBE 

BALB/c mice were not immunized (O) or immunized subcutaneously with Meth 
A-CBE alone (A) or positively charged liposomal Meth A-CBE (■) described in 
Fig. 5. The mice (•) immunized with positively charged liposomal Meth A-CBE 
were treated intraperitoneally with 1 mg of carrageenan on days 0, 4 and 14 after the 
first immunization. Seven days after the last immunization, they were challenged 
intradermally in the abdomen with 5X10 5 Meth A cells. Tumor growth was 
monitored at the indicated time points after tumor inoculation. Results are express- 
ed as mean ±S. E. for 4-6 mice/group. 
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^^>mm^fi^tz^^^\zi$^x\mm^^^>^(Dmmmm^fi (Fig. 7), ^ffl^30B@^^tt 

4B«l^*CO^r(,*^y->«iat-J-4ifcGJ: 0 66.7%frt> 25%^ tm&Ltz (Table II). 

n e 

U #y-A«ffi«?Brtt, T*J*;<> hJ»*if3S©te #>£>fig# factors 1 or** £ fc**liB3itfc. 
y #y-A*Em^£^ffc£^£fitfr, APC^©tfiIBaa*^ffit4S«*©fiJjStt t *<DBflEtefc* 
5. -r*to%y^y-AfffiRO|R»c, »«?SKKtfflv^«»rJ:^4:v^»l£ftif!I^**UT^S. $ 

^ x t # -x^ v -< ^ o X 7 x 7- * if k # v>r t iCffl plffir h hhOh mwz tih . 

a. 

t^BJIBSWft* if ©«i«*k: J: D Txfr tit Lfc. 

£ fc, EL 4 lymphoma & L1tfflL*¥im&¥Vlffli • £ tffc, £ Bffi 

©BSEfcWBafcBD * Lfcffl2lB3SM*S#aK:BBb*^. 
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